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Which Equinox?
Abstract
The reform of the Republican calendar intro-
duced by Julius Caesar in 46 b.c. was carried 
out to adjust the year and festivities to the sea-
sons. There are varying definitions for equinox, 
and historians have generally accepted that 
March 25 was the canonical date for the vernal 
equinox. We find that the sense of equinox used 
could have been the day that marked the middle 
of the interval between the winter and summer 
solstices. A method of deriving these dates is 
suggested. This also implies that from the be-
ginning of Caesar’s reform, the length of the 
months, especially February (Februarius) and 
August (Sextilis), was the same as it is now.
Resumen
La reforma del calendario Republicano intro-
ducida por Julio César en el 46 a. de C. se llevó 
a cabo par ajustar el año y las festividades con 
las estaciones. Existen varias posibles defini-
ciones de equinoccio y los historiadores han 
admitido an general que el 25 de Marzo era 
la fecha canónica para el equinoccio vernal. 
Nosotros encontramos que la definición de 
equinoccio que pudo ser utilizada fue la de el 
día que marca la mitad en el intervalo entre 
los solsticios de invierno y verano. Se sugiere 
un método para obtener dicha fecha. Esto im-
plica que la longitud de los meses, en especial 
Febrero (Februarius) y Agosto (Sextilis) fue la 
misma que ahora desde el inicio de la reforma 
juliana. 
Our calendar is basically the same that Julius 
Caesar set in place in 46 b.c. The subject of the 
present study is Caesar’s reform of the Roman cal-
endar. According to classical sources
 
(Suetonius De 
vita Caesarum, divus Iulius [hereafter Iul.] 40.1), 
Caesar reformed the calendar to bring the festivities 
back into agreement with the seasons, in particular 
with the equinox (Mommsen 1981:62 [1859]).
The Roman Republican Calendar
The Roman Republican calendar had 12 months: 
Januarius, Februarius, Martius, Aprilis, Maius, 
Junius, Quinctilis, Sextilis, September, October, 
November, and December. Four months had 31 
days (Martius, Maius, Quinctilis, and October), 
seven had 29, and Februarius had 28, amounting 
to a total of 355 days in a year. To adjust this year 
to the tropical solar year, the Romans introduced an 
intercalary month (mensis intercalaris) every two 
years. The intercalation was performed by reduc-
ing February to 23 or 24 days and intercalating a 
month of 27 days (Michels 1967:16). A college of 
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priests called the pontifices had among their duties 
the care of the calendar.
This calendar with 355 days was clearly lunar 
based and could have been based on an earlier 
luni-solar calendar. However, the fact that there 
were months with 31 days and that the intercalation 
aimed to bring the year closer to the solar one means 
a break with the lunar calendar. Although for some 
authors this was the first calendar in antiquity to be 
independent of the Moon (Michels 1967:16), recent 
evidence indicates that the Egyptians had just one 
calendar of 365 days (Belmonte 2003).
The exact date for the beginning of the year has 
been quite controversial. Mommsen (1981 [1859]) 
thought that the start of the year had been March 
until the time of Caesar. However, after the dis-
covery of the Fasti Antiates Maiores, a calendar 
from Republican times, in which the year begins on 
January 1, this view was no longer regarded as pos-
sible. Scaliger had proposed that before the period 
between the Lex Aelia and the Lex Fufia, around 153 
b.c., the start of the year had been changed from 
March 1 to January 1 (Michels 1967:97n10). After 
153 b.c. the consuls started their rule on January 
1, whereas they had previously started at different 
times of the year. This view had a number of follow-
ers; however, we must keep in mind that the start of 
the civil and consular years did not always have to 
be the same. According to the classical sources,
1
 the 
year originally started in March, but quite early, still 
in the kingdom period (with King Numa according 
to some sources or with Servius Tullius [Michels 
1967:210]), the year’s beginning was changed to 
January 1. It is thus now widely accepted that the 
Republican calendar always started January 1. 
Exactly when the Republican calendar was 
implemented is also a matter of debate. According 
to Hartmann (Michels 1967:210), it was by the time 
of Servius Tullius that the basic rules of the calen-
dar were established, a view supported by Gjerstad 
(Michels 1967:217). Belloch, on the contrary, 
thinks that until Flavius published his Fasti in 304 
b.c., the calendar was not independent of the Moon 
(Michels 1967:211). For Michels (1967:121–129) 
the pre-Julian calendar was devised and started at 
the time of the decemviri in 450 b.c. Michels argues 
convincingly that it could not have been later than 
the end of the fifth century and that the most prob-
able time was the period of the decemviri around 
450 b.c., at a time when the young Republic was 
setting its institutions in place. Michels also points 
out that such a date leaves ample time to have earlier 
used a lunar or luni-solar calendar, perhaps with a 
different beginning of the year, probably in March, 
which was later regarded as traditional.
The names of the last six months as numerals and 
the spring rites performed during March, together 
with the memory of an earlier beginning of the year 
in this month, seem to point toward a previous cal-
endar in which the year started in March, close to the 
vernal equinox. The ancient sources also mention 
that the first calendar started in March. Accord-
ing to Macrobius (Sat. 13.3), Censorinus (De die 
natali 22.13), and Plutarch (Numa 18.3, 19.2), the 
first Roman calendar was established by Romulus, 
the legendary founder of Rome. The year began in 
March in the spring equinox, and the last month 
was December. Lydus (De mensibus 3.22; Michels 
1967:99) refers to an ecclesiastical beginning of the 
year in January and a traditional one in March.
Since the fifth century b.c., when the decemviri 
reformed the calendar, it had been up to the pontifices 
to keep it in accordance with the seasons. This re-
form lasted until the time of Julius Caesar. However, 
bribery and corruption were apparently common. To 
prolong their term of office, magistrates would ad-
vise the pontifex to extend the year further. On other 
occasions, the senators might suggest a shorter year 
to curtail the rule of certain magistrates. Also, the 
intercalary period was a time of bad omens, and it ap-
pears that during the Punic Wars this period was not 
introduced (Macrobius Sat.; see Michels 1967:102). 
These practices made the Roman calendar quite cha-
otic and often rendered the calendar out of step with 
the seasons. It even made a subjective issue of when 
festivities should be celebrated (see, e.g., Richards 
1998:208; for a discussion on the Roman calendar 
during the Republic, see Michels 1967).
Caesar’s Reform
In the first book of De vita caesarum, Suetonius tells 
us that Julius Caesar, who had been named pontifex 
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maximus in 63 b.c., reformed the calendar to bring 
the festivals in accordance with the seasons (Pliny 
Naturalis historia [hereafter HN] 18.57.214; Plu-
tarch Caesar 59.1–6; Suetonius Iul. 40.1). Caesar 
decreed that the year should have 365 days, with the 
addition of an extra day every four years in order 
to bring the calendrical year into closer proximity 
to the tropical year. This system had the advantage 
of everything being fixed and obviated the need for 
subjective decisions from the pontifices concerning 
the calendar. Caesar also decreed that the year 708 
a.u.c. (ab urbe condita, or from the founding of the 
city, 46 b.c.) should have an extra 90 days, includ-
ing one mensis intercalaris and two extra months 
between November and December (Suetonius Iul. 
40.1; Richards 1998:210).
Caesar ordered the inclusion of the extra days in 
46 b.c. to bring the calendar and the festivities into 
line with the seasons in the following years. One of 
these festivities was that related to the traditional 
beginning of the year, and the reform intended 
the vernal equinox in the following year (45 b.c.) 
to fall on March 25. See, for example, Scullard 
(1981:85), who mentions the rustic calendar (Dun-
can 1998:25). Evidence for March 25 (or VIII Kal. 
Apr in Roman notation) as the actual date for the 
vernal equinox comes from Pliny (HN 18.66). The 
Calendarium Colotianum and the Calendarium 
Vallense of the first century a.d. also mark March 
25 as the vernal equinox (Degrassi 1963:284–287). 
Mommsen (1981:62 [1859]), following Columella, 
gives an account of the dates for the start of the sea-
sons as established by Caesar. The spring equinox 
is placed on IX Kal. Apr, or March 24. Moreover, 
as mentioned previously, festivities celebrating the 
traditional beginning of the year took place during 
March. The vernal equinox would take place at the 
end of the Quinquatrus, a festival in honor of Mars 
and Minerva, lasting several days from XIV to IX 
Kal. Apr (March 19 to 24) (Scullard 1981:92–94).
One might thus wonder which equinox the Ro-
mans referred to on March 25. 
Equinox Definitions 
The use of modern astronomical terms in archaeo-
astronomy is a matter of constant debate. Ruggles
 
(1997) points out that many studies suffer from a 
preconception of the term equinox. One has there-
fore to be careful when using the term equinoctial 
alignment and be aware whose equinox we are talk-
ing about when reaching certain conclusions.
 For some historical cases there is written evi-
dence for the use of the term equinox. We might 
then go further and ask which equinox is referred 
to. Following Ruggles (1997), various meanings of 
equinox could be used.
A first definition might be the time when the 
sun crosses the celestial equator, at which instant 
it has a declination of δ = 0°. This is the present-
day definition for equinox. Second, one may have 
in mind the day when daytime and nighttime are 
equal. Babylonian system B was known and used at 
the time (Neugebauer 1975:594–598). This system 
reckons the vernal equinox at 8° from the start of the 
Babylonian constellation of Aries. Neugebauer also 
points out that in system B the vernal equinox is de-
fined as “the point of the ecliptic at which the length 
of daylight is the same as the length of the night” 
(1975:368). The difference with our second defini-
tion is that the Babylonians devised an arithmetical 
tool to predict when this might happen. Two further 
definitions involve the solstices. One is the day on 
which the Sun rises at a position on the horizon that 
marks the midpoint (in space) between the positions 
of sunrise at the solstices. The other is the day on 
which the time interval between the two solstices 
(from winter to summer) is divided into two equal 
halves. We will call this the mid-solstice equinox. 
More meanings might be possible, but we shall take 
only these into account here. This is a research note in 
which we present some results that struck us during 
an investigation about the calendar reform. 
We have looked at the dates when any of the 
above-mentioned senses for equinox would have 
applied to the Roman calendar. We investigate here 
the underlying aims of the reform. The years im-
mediately following Caesar’s reform were the first 
of the new calendrical system and do not suffer 
from the Julian year’s being slightly different from 
the tropical year. 
In the following section we take into account that 
the priests wrongly interpreted the rule for the leap 
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year and included the intercalary day every three in-
stead of every four years for 36 years after Caesar’s 
reform, until Augustus excluded three intercala-
tions for a period 12 years (Macrobius Sat. 1.14; 
Pliny HN 18.57.214; Richards 1998:210; Solinus 
De mirabilus mundi 1.40–47). The Romans used 
an inclusive system of counting, which explains 
the error of the pontifices.
method
We use the Julian day number to calculate the dates 
when those equinoxes would have occurred.
2
 To 
convert these dates into Roman calendar dates, one 
must assume when the pontifices introduced the 
leap years during the period when the error was in 
place. This has not yet been fully clarified. Accord-
ing to the sources, the mistake was continued until 
Augustus decreed that three intercalations should 
not be included for a period of 12 years (Macrobius 
Sat. 1.14; Pliny HN 18.66.1; Solinus De mirabilus 
mundi 1.40–47); however, it is not fully clear when 
the first leap year was introduced, if the types of 
intercalation during the 12-year period were of 3 or 
4 years, or when the decree of Augustus took place 
(see Bennett 2003). 
According to Brind’Amour (1983:45–46), the 
year 45 b.c. was not a leap year. We must remember 
that the year 46 b.c. was 90 days longer in order 
to bring the system into place for the year 45 b.c.; 
thus, we may consider 46 b.c. as the first bissextile 
year. The decree iPriene 105 has been dated on an 
intercalary year after 11 b.c., so any possibility of 
a leap year system starting on 44 b.c. or 43 b.c. and 
ending before 11 b.c. is overruled (Bennett 2003). 
In this context, the standard convention first in-
troduced by Scaliger in 1583 considers that the first 
leap year occurred in 42 b.c. (Bennett 2003) and that 
the last wrong intercalation happened in 9 b.c., sup-
pressing three 4-year intercalations and resuming 
the intercalations in a.d. 8 (Harvey 1983). Bennett 
(2003, after Marzat) introduces the possibility that 
the first intercalation happened in 44 b.c. and the last 
one in 8 b.c., suppressing three 3-year intercalations 
and resuming the intercalation in a.d. 4. In short, the 
standard scheme and Bennett’s scheme have the bis-
sextile years on the following years b.c.:
Standard: 42,39,36,33,30,27,24,21,18,15,12,9
Bennett: 44,41,38,35,32,29,26,23,20,17,14,11,8
In the following section we will give the dates accord-
ing to both the standard model and Bennett’s model. A 
general consideration of these dates and of Bennett’s 
model will be presented at the end of the discussion. 
Bennett calls this system the L(4,4), and we shall 
henceforward use this notation, where L stands for 
“leap,” and the two numbers refer to the number of 
the model (the 4 system of leap years in this case) 
and the year when the first leap happened after the 
suspension by Augustus took place (a.d. 4).
Results
The Alexandrian astronomer Sosigenes aided Cae-
sar in his reform. Sosigenes most probably knew 
of Hipparchus and other astronomers and therefore 
knew of the astronomical equinox, i.e., the position 
at which the Sun crosses the equator, or the instant at 
which the declination of the Sun is zero (δ = 0°).
figure 1. Dates for which the different definitions of ver-
nal equinox considered in the text hold for the years after 
Caesar’s reform. For the different intervals two possibilities 
are represented, S for the standard scheme for introducing 
the leap years and B for Bennett’s L(4,4) system. Also see 
Table 1.
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Table 1. Date for the Possible Equinoxes for several years Around Caesar’s and Augustus’s 
Reforms
Year 	 Year Winter Summer	 	
	a.u.c.	 b.c. Solstice Solstice   Vernal Equinox
     δ = 0o Day = 12 h Mid-solstice System B
(1) (2) (3) (4) (5) (6)  (7) (8)
709 45 1704978.4 1705162.5 1705068.5 1705066.0 1705070.0 1705072.9
     23/25 20.5/22.5 24.5/26.5 27.4/29.4
710 44 1705343.6 1705527.8 1705433.8 1705432.0 1705435.7 1705438.1
     23.3/24.3 21.5/22.5 25.2/26.2 27.6/28.6
711 43 1705708.9 1705893.0 1705799.0 1705797.0 1705801.0 1705803.4
     23.5/24.5 21.5/22.5 25.5/26.5 27.9/28.9
712 42 1706074.1 1706258.2 1706164.3 1706162.0 1706166.2 1706168.7
     22.8/24.8 20.5/22.5 24.7/26.7 27.2/29.2
717 37 1707900.3 1708084.5 1707990.5 1707988.0 1707992.4 1707994.8
     23/24 20.5/21.5 24.9/25.9 27.3/28.3
743 11 1717396.7 1717580.7 1717486.8 1717484.0 1717488.7 1717491.1
     20.3/21.3 17.5/18.5 22.2/23.2 24.6/25.6
761 8  1723971.0 1724155.1 1724061.2 1724059.0 1724063.1 1724065.5
  a.d.   22.7/22.7 20.5/20.5 24.6/24.6 27/27
Note: Calculations are performed for the latitude and longitude of Rome. The dates for the events are calculated by 
means of the Julian day number (JDN) and then transferred to calendar dates equivalent to the Roman Republic dates 
for those years for the standard leap year scheme and for that proposed by Bennett (2003). The columns give (1) the 
date ab urbe condita (a.u.c.) or from the foundation of the city; (2) the year in common era; (3) the JDN date for winter 
solstice of the previous year; (4) JDN date for summer solstice for that year; (5) to (8) JDN dates for the different 
equinox definitions. The boldface numbers are the dates in March converted to the standard/Bennett’s scheme.
For the years we are interested in, the astronomi-
cal equinox occurs on March 22 or 23 in the stan-
dard model and March 24 or 25 in L(4,4) (see Fig-
ure 1 and Table 1, column 5). The standard model 
implies a deviation of two days, which would have 
seemed too large. If the day of the festivity were the 
day after the event, there would have been an error 
of at least one day. Perhaps the calendar was set to 
be just a close approximation to the equinoxes. An 
accuracy of one day might then seem acceptable. 
The L(4,4) scheme fits nicely with this definition.
If we follow the standard model, either the preci-
sion the Romans could achieve in determining the 
astronomical equinox was poor (with an error of 
almost 1° in declination) so that they then made no 
attempt at high precision, or they were following 
another definition of equinox to set the holidays 
and therefore the calendar. Holidays were tradi-
tional festivities, and perhaps the previous way of 
determining the equinox did not comply with the 
definition used by Caesar. 
Ovid, who in his Fasti writes about the festivi-
ties celebrated during the year, provides a hint on 
this subject. When he speaks about March 23 (B 
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TVBIL: NP in Roman notation, the festivity of the 
Tubilustria), he says, “Now you can turn your face 
to the Sun and say: ‘He touched yesterday the fleece 
of the Phrygian Ram’” (3.877–878).3
This passage indicates that the Sun is entering 
the sign of Aries. This could imply a knowledge of 
the actual δ = 0° equinox for the epoch in which he 
writes (beginning of the first century a.d.) with fair 
accuracy (for this epoch the δ = 0° equinox happens 
also around March 22 or 23, as in the L[4,4] model). 
But, as already noted, this date is two days ahead 
of the traditional March 25. So, it was not the one 
used for Caesar’s calendrical purposes, although it 
was the one used in later calendar reforms.
4
A second sense for equinox is the date on which 
the amount of daytime is exactly equal to the 
amount of nighttime. It is quite difficult to quan-
tify this sense, where different instances can be 
considered; for example, we can define day as the 
time from the first appearance of the Sun’s ray on 
the horizon until the last ray disappears in the eve-
ning; however, other definitions can be given. This 
would occur, for the time of the vernal equinox, 
a few days (typically one or two days) before the 
astronomical equinox (δ = 0°), i.e., around March 
20 for the standard model and March 22 for L(4,4) 
(Figure 1 and Table 1, column 6). Moreover, this 
definition is usually ruled out because of the dif-
ficulty in implementing it and the imprecision due, 
for example, to considering if twilight is part of the 
day or night
 
(Ruggles 1997).
The Babylonian system B was an arithmetical tool 
devised around 300 b.c. to compute the movement of 
the planets and makes it is possible to get the length 
of day and night throughout the year (Neugebauer 
1975:368–369). According to this scheme the equi-
nox happens when the length of day and night is 
equal. This definition is similar to the second one, 
but now the algorithm used by the Babylonians 
marks the day this happens. This algorithm placed 
the vernal equinox at 8° from the start of the sign of 
Aries. We must note that neither the start of the sign 
nor the definition of vernal equinox has any relation 
with the δ = 0° equinox (Neugebauer 1975:369). 
The Babylonian system B appears both in Greek 
and Roman sources around the first centuries b.c./
a.d. Pliny (HN 18.58), who advocates following 
Caesar, places the cardinal points for the seasons 
at 8° from the corresponding start of the signs. Vit-
ruvius (De architectura 9.3), by the end of the first 
century a.d., states that the equinox happens when 
the Sun crosses at 8° from Aries. Columella (De re 
rustica [hereafter Rust.] 9.2.94) also declares that 
according to Hipparchus, the winter solstice hap-
pened on December 17, whereas for the Chaldeans 
it happened on December 24. Columella states fur-
ther that those who made calendars in Rome also 
used system B (Rust. 9.14.12). System B was also 
used to find out when the solstices would happen, 
as can be seen in the Fasti Venusii (from around 15 
b.c.) (Degrassi 1963:252), which states that the Sun 
enters Cancer on June 19 and the solstice happens 
on June 26. System B also appears in P.Colker, 
P.Heid., and P.Oxy 4204, a number of Greek papyri 
dated from the first century a.d. found in Egypt, 
where system B was apparently used to derive lunar 
monthly positions (Jones 1999:46).
System B was devised around 300 b.c. and, by 
the time of interest to us, would have been affected 
by precession. For this reason, and according to 
Neugebauer (1975:369), to know the actual eclip-
tic longitude derived from the Babylonian one 
for the year 46 b.c., we have λ mod = λ Bab –3°45". 
To know when this happens, we have to look at 
the time when the ecliptic longitude of the Sun is 
λ
o
 = 4
o
15" (for λ
 
= 8°). Taking all these references 
into account, we have looked at the dates when the 
ecliptic longitude of the Sun was 4.25°. This hap-
pens around four days after the δ = 0° equinox, i.e., 
for the standard model and for the years right after 
Caesar’s reform it happened on March 27, whereas 
for L(4,4) it happened on March 28 or 29. This is 
still some days after what was intended by Caesar, 
according to Mommsen (1981 [1859]). Ovid, in his 
Fasti (3.877–878), writes about March 26: “Tres 
ubi Luciferos veniens praemiserit Eos tempora 
nocturnis aequa diurna feres” (When the Morning 
Star has three times heralded the dawn, you will find 
the time of day is equal to night). Ovid here may be 
referring to an “equinox” where daytime is equal 
to nighttime. As stated above, for the usual defini-
tions this happens before the astronomical spring 
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equinox. However, the day-equal-to-night system, 
system B, could explain this reference to March 26 
(for Ovid’s time the L[4,4] scheme also predicted 
the system B equinox to be on March 27).
Further equinox definitions involve the use of the 
solstices. The spatial day between the solstices, i.e., 
the day on which the Sun would rise at half the dis-
tance between its extreme positions on the horizon 
on the solstices, depends on local topography and 
would normally lie close to the second definition in 
time and can therefore also be ruled out.
Finally, we have the day that lies in the middle 
(in time) of the run of the Sun between the two 
solstices, the mid-solstice equinox. This would fall 
on March 24 or 25 for the standard definition and 
March 26 for L(4,4) for the years after the reform 
(see Figure 1 and Table 1, column 7). 
Discussion
We have noted that according to Mommsen 
(1981:62 [1859]), Caesar placed the spring equinox 
on IX Kal. Apr, or March 24. According to Varro 
(Brind’Amour 1983:37), who writes in the year 
37 b.c., the equinox happened on
 
March 24. Also, 
for that year the equinox occurring on that date is 
the mid-solstice equinox (note that for this year 
the L[4,4] scheme predicts the astronomical equi-
nox to be on March 24, whereas the mid-solstice 
equinox would be on March 25; see Figure 1 and 
Table 1). Pliny (HN 18.66.1) says that the vernal 
equinox ends on VIII Kal. Apr. Also, as mentioned 
previously, the vernal equinox happens on VIII 
Kal. Apr in the Calendarium Colotianum and the 
Calendarium Vallense (first century a.d., after 
Augustus’s reform) (Degrassi 1963:284–287). For 
both the standard and L(4,4) models these dates are 
the mid-solstice equinox. 
According to the standard model, this seems to 
indicate a determination of the equinox based on 
the day (or day after) midway in time between the 
solstices. Is this closer to tradition, i.e., to the way 
it was determined in a previous time, when the fes-
tivity of the equinox was celebrated on March 25? 
We would need further historical data to address 
this new question, which is beyond the scope of 
the present work.
Note that this method for determining the equi-
nox calls for splitting the interval between the 
winter solstice and the subsequent summer solstice 
(184.6 days), which is different from the interval 
between the summer and winter solstices (180.6 
days). Consequently, the determination of the equi-
nox would have required knowledge of the date of 
the subsequent summer solstice.
Sosigenes was most probably familiar with the 
work of Hipparchus, whose solar model, as de-
scribed by Ptolemy, depicted the interval between 
the solstices (184.625 versus 180.625 days). Then, 
starting with the summer solstice observed by 
Hipparchus in 134 b.c., June 26, and using Hippar-
chus’s tropical year of 365.25 – 1/300 days (Ptolemy 
Almagest 3.1; Toomer 1984:139), we can place the 
equinox by the suggested mid-solstice method in 
45 b.c. on March 25 as described.
5
The Length of the months
An important point to consider is the length at-
tributed to February in Caesar’s reform, because 
the date for the equinox (no matter the definition) 
may change depending on this length. There is 
a long-standing debate about the length given to 
the months of February and Sextilis/August in the 
reforms (Richards 1998).
On the one hand, according to some sources 
(see, e.g., Gwinn 1993, apparently following Sa-
crobosco from the thirteenth century), Caesar set 
the length of February to 29 days, or 30 days in leap 
years. The other months would have 30 or 31 days, 
similarly to what is now used, but Sextilis (our Au-
gust) had 30 days; September, 31 days; October, 30 
days; November, 31 days; and December, 30 days. 
When Augustus reformed the calendar, Sextilis was 
changed to his name and was given an extra day 
taken from February. To achieve this, Augustus also 
changed the length of the other months to have 30 
or 31 days alternately. This finally left the lengths 
of the months as we know them today. 
 On the other hand, there is the possibility that the 
lengths of the months were the same after Caesar’s 
reform as they are today. There is evidence of 
calendars apparently predating Augustus’s reform 
in which Sextilis has 31 days. The Fasti Pinciani, 
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a calendar dated to be post–30 b.c., clearly shows 
July, Sextilis, and October with 31 days and Sep-
tember with 30 days (Degrassi 1963:277).
Figure 2 shows the Fasti Caeretani, a fragment 
from a calendar dated 12 b.c., i.e., four years before 
Augustus’s reform, which shows February with 
28 days. Varro (Brind’Amour 1983:37), writing 
between the two reforms (37 b.c.), gives the lengths 
of the seasons. According to the calculations of 
Brind’Amour (1983:37), this points toward Sextilis 
having 31 days. An astronomical papyrus found in 
Oxyrhynchus, P.Oxy 4175 (Jones 1999:177–179), 
gives a textual reference to Sextilis (called by this 
name, not Augustus) with 31 days for the year 24 
b.c., although the reference to this year is not ex-
plicit but is deduced from the Moon’s positions in 
the ephemerides. Moreover, the dates of nones and 
ides were not changed during Caesar’s reform. In 
March, May, July, and October the ides were all on 
day 15, all these months having 31 days from the 
commencement of the new calendar reforms (note 
that according to the first system, October had 30 
days).
6
 Finally, Censorinus and Macrobius support 
this view (Richards 1998:208), although they write 
several centuries after the reforms (the third and 
fifth centuries a.d.).
The whole issue of the equinoxes provides new 
evidence in support of this theory of February hav-
ing 28 days. We can discriminate between the two 
systems according to the dates of the equinoxes. 
The dates given above for the astronomical or 
mid-solstice equinox take into account a month of 
February with 28 or 29 days in both the standard and 
L(4,4) schemes. However, if we add an extra day 
to February (thus, February having 29 or 30 days), 
the dates of the equinoxes would nominally be one 
day before. This brings the astronomical equinox to 
March 21 or March 22 and the mid-solstice equi-
nox to March 23, and thus the error introduced is 
even larger. Moreover, if the first case were used, 
the dates for the different equinoxes after Caesar’s 
and Augustus’s reforms would not happen on the 
same days—there would be a one-day difference. 
This would be in contradiction to Augustus’s aim 
of bringing back the festivities to the dates de-
vised by Caesar. We therefore are led to conclude 
that February should have had 28 or 29 days and 
Sextilis/August 31 days from the beginning of the 
Julian reform.
Bennett’s model, L(4,4)
The L(4,4) scheme provides a nice explanation for 
a number of inscriptions dated around the years 
we are interested in (Bennett 2003), especially the 
papyrus P.Oxy 1475 (Jones 1999:177).
According to the L(4,4) scheme, at the time of 
Julius Caesar’s reform the astronomical equinox 
(λ = 0°) is the vernal equinox implied by the dates 
figure 2. Fasti Caeretani (adapted from Invernizzi 1994). This calendar, dated around 12 b.c. (i.e., immediately before 
the Augustan reform), shows the months from January to May in columns from left to right. The last line in each column 
indicates the number of days in the month. It clearly shows February with 28 days.
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March 24 or 25. By the time Augustus was named 
pontifex maximus (12 b.c.), the error in the intro-
duction of the leap year had amounted to several 
extra days, and Augustus intended to correct this 
error. The dates for the different equinox after the 
correction of the mistake are the same in both the 
standard and the L(4,4) models. 
A point in favor of L(4,4) models suggested in 
the record by Dio Cassius (48.33) is that in order to 
avoid the bad luck of having a market day on Janu-
ary 1, 40 b.c., an extra day was introduced in 41 b.c. 
that would be recovered later. Such an introduction 
would be natural in Bennett’s scheme, as 41 b.c. 
would be a leap year. However, Dio Cassius states 
that the introduction was additional, not that occur-
ring in a leap year, so either year 41 had two extra 
days or it was not a leap year and had only one day 
to be suppressed later in another year. This second 
case does not comply with the L(4,4) model. 
Bennett introduces the L(4,4) model under the 
assumption that the leap years suppressed after 
Augustus was named pontifex were of the 3-year 
cycle used until then. However, it does not seem 
logical to keep on using that system of reckoning 
the leap years if that error was precisely what they 
were correcting. Also interesting to note is that the 
scheme devised by Bennett is in clear contradiction 
to the accounts by Solinus and Macrobius, which 
state that the intercalation was performed errone-
ously for 36 years.
The L(4,4) model implies a change in the dates 
of the equinoxes between the reforms of Caesar 
and Augustus. However, there is no sound evidence 
either in favor of or against this point. According to 
Bennett (2004), Augustus would have intended as 
correct those dates central to his reign, not the dates 
set by Caesar—which, according to the sources (Sue-
tonius and Plutarch), were implemented to bring the 
festivals into agreement with the seasons. We have 
no hard evidence for this other than the difference in 
the occurrence of the vernal equinox before and after 
the reforms according to Bennett’s scheme. 
For L(4,4), the main support is P.Oxy 1475 and 
its dating by Jones (1999:177). However, we find 
that Jones’s dating could be off by one or two days.
7 
Another puzzling piece of information is the dates 
for the vernal equinox in the Calendarium Colotia-
num and the Calendarium Vallense, from the first 
century a.d. There, the vernal equinox is on March 
24, which after Augustus’s reform does not play 
any role in the calendar following L(4,4). Also, for 
Pliny March 24 is the date of the vernal equinox. 
The only definition that matches with this date af-
ter Augustus’s reform is the mid-solstice equinox. 
This definition plays no role, according to Bennett 
(2003), in Caesar’s reform, but then neither should 
it be playing any role after Augustus’s. In view of 
this, we prefer the standard model to L(4,4) and 
will restrict our conclusions to the standard model, 
although we note that these conclusions would be 
different in the system of L(4,4).
Conclusions
In summary, if Caesar’s reform was carried out to 
adjust the beginning of the year in such a way that 
the vernal equinox was celebrated on March 25, it 
seems likely that the definition used could very well 
have been the mid-solstice equinox. This calls for 
further research to support or disprove this theory 
on the basis of a new look at the historical sources 
(classical writings, inscriptions, etc.).
Finally, if Caesar’s calendar had a month of Febru-
ary with one day more than it has now, the implication 
is that none of the above definitions of equinox would 
apply to Caesar’s reform and that Augustus did not 
place the festivities on the same days as Caesar did. 
So, it is likely that February would then have had 28 
or 29 days from the start (see also Figure 2).
The calendrical reform was carried out to set the 
holidays in agreement with the seasons. Harvesting, 
plowing, and other related tasks could be performed 
with an out-of-phase calendar by making use of the 
“parapegmata” (weather calendars related to the 
phases of fixed stars) or the prescriptions found in 
the works of Hesiod, Columella, and others describ-
ing the heliacal rising or setting of certain stars at the 
epochs in which these tasks had to be carried out. 
However, trying to celebrate the festivities related 
to the vernal equinox during winter would not have 
seemed logical.
The case of Caesar’s reform may be seen as a 
corollary of Ruggles’s question, “Whose equinox?” 
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(1997). In this case, we have the information that 
Caesar carried out his reform with the problem of 
the equinox in mind. We may therefore also question 
which equinox Caesar was thinking about in this case. 
Again, as Ruggles points out, the preconception that 
this might be the astronomical definition leads to erro-
neous conclusions. A deeper insight into the question 
and more possible definitions shows that although the 
astronomical definition was probably known, it was 
not applied for the calendrical aims of Caesar.
We are thus led to conclude that the term equinox 
might entail many meanings. This last statement 
applies not only to our culture but also to those of 
antiquity, in which different meanings for equinox 
were known.
notes
1. Following Macrobius (Saturnalia convivia [hereafter 
Sat.] 13.3), Censorinus (De die natali 22.13), and Plutarch 
(Numa 18.3, 19.2), the first Roman calendar was established 
by Romulus, the legendary founder of Rome. The year began 
in March at the spring equinox and had 10 months, 4 with 
31 days and the other 6 with 30, amounting to a total of 304 
days. The last month was December, and the remaining period 
apparently did not form part of the calendar. Also, according 
to these ancient sources, Numa Pompilio, the second king of 
Rome, reformed this calendar by adding two more months, 
January and February, to account for the extra period left out 
in Romulus’s calendar. Now the months originally with 30 
days were left with 29, and the new months would have had 
28 days for February and 29 days for January, a total of 355 
days, i.e., 1 day more than an average lunar year. Numa’s year 
could not keep in step with either the Moon—it was 1 day too 
long—or with the Sun—it was 10 days shorter than a solar 
year. Then, Numa also introduced the pontifices, the priests 
in charge, among other things, of taking care that the calendar 
followed the seasons. The head of this college was the ponti-
fex maximus. The sources reveal that there were instructions 
to regularly intercalate an extra month (mensis intercalaris, 
commonly called Mercedonius) to keep the calendar in step 
with the seasons.
2. Another way would be to check the dates for the dif-
ferent equinoxes for a number of years after the reform was 
set in place. For example, one could take the years from a.d. 
10 to a.d. 1500 and calculate the equinoxes every 5 years. 
Given the advance of the dates due to the mismatch between 
the tropical and Julian years (approximately 1 day every 128 
years), we might try to find an expression for that change 
and extrapolate this to the year 46 b.c. Similar conclusions 
to those expounded later might be reached, but to a lower 
level of accuracy. 
 3. Ovid (Fasti Liber III, B TVBIL: NP): “Nunc potes ad 
solem sublato dicere voltu ‘hic here Phrixeae vellera pressit 
ovis.’”
4. The Julian year is a bit longer than the tropical year, and 
in about 128 years it will be ahead by one day. In the year 
325 the Council of Nicea set the festivities of the Christian 
calendar in accordance with the vernal equinox on March 21. 
Our present calendar was set in 1582 when Pope Gregory XIII 
reformed the Julian calendar to bring the year closer to the 
tropical year. He also intended to leave the vernal equinox on 
March 21, the same day on which it occurred at the time of 
Nicea. However, in the years between Augustus’s reform and 
the Council of Nicea, the mismatch between the calendar and 
tropical year would have been 2 (2.5) days. In other words, 
the traditional equinox would have occurred on March 23, but 
the astronomical equinox would have occurred on March 20; 
the equinox used in Nicea was the astronomical one.
 5. For 134 b.c., June 26 is JD1672656. To determine 
the winter solstice for 46 b.c.: there are 88 years plus the 
interval from the summer to the winter solstice, i.e., 
88 – (365.25 – 1/300 ) + 180.6, which, added to the previous 
date, results in the date JD1704978.3. Adding half the in- 
terval between the winter and summer solstices, 92.3 days, 
results in the date JD1705070.6.
6. Fasti (or ancient Roman calendars) from Republican 
times clearly show that October had 31 days (see, e.g., Fasti An-
tiates Maiores, Degrassi 1963). The other months had 31 or 29 
days alternately, totaling 355 days. When constructing the new 
calendar, Caesar had to distribute 10 days between the months. 
When doing so, it would not have seemed logical to take one 
day from October, as the first explanation would imply.
7.  Jones (1999) gives certain dates for the ephemerides that 
appear in that papyrus. To do the calculations, he assumes that 
the positions of the planets and the Moon given in the tables 
are calculated so that they can be observed at 6 p.m. local time. 
However, a serious objection may be made. For the given 
dates—end of July to the beginning of September—none of 
the planets would have been visible because it was daytime. 
A similar effect could occur for the Moon depending on its 
phase. Allowing for time variation, one can obtain an adequate 
agreement with the given positions by assuming that the dates 
for the observations are one day before those given by Jones 
and that the time of observation was midnight. However, a 
full and detailed study of these tables is beyond the scope of 
this article. 
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